Experimental Procedures
Reagents and solvents were purchased from commercial suppliers (Sigma-Aldrich, Fluorochem, Alfa Aesar, Fisher Scientific, Apollo Scientific) and used as delivered without further purification. Air and/or moisture sensitive reactions were carried out in argon atmosphere using anhydrous solvents. 1 UV/Vis absorbance spectra were measured on an ATI Unicam UV/Vis spectrometer (Model UV2) using Vision software (version 3.33). Emission spectra were recorded using an ISA Jobin-Yvon Spex
Fluorolog-3 luminescence spectrometer with a CCD detector using FluorEssence software. Lifetime measurements were carried out using a Perkin Elmer LS55 spectrometer using FL Winlab software.
Quantum yields were calculated by comparison with known standards. CPL spectra were recorded on a custom built spectrometer consisting of a laser driven light source (Energetiq EQ-99 LDLS, spectral range 170 to 2100 nm) coupled to an Acton SP2150 monochromator (600 g/nm, 300 nm Blaze) allowing excitation wavelengths to be selected with a 6 nm FWHM band-pass. Gaussian 09 (Revision D.01) program was used for geometry optimization and frequency calculations. [1] Density functional theory (DFT) method M06-2X [2] with cc-pVDZ basis set [3] and Stuttgart ECP [4] for the lanthanide ion were employed. Solvent effects were accounted with using the Solvation Model based on Density (SMD) parameterisation for the continuum model [5] of water. An additional empirical dispersion correction GD3 [6] was introduced to account for weak interactions. Real harmonic frequencies ensured that the optimized structures are local minima on their respective potential energy surfaces.
Proton NMR spectra were processed with the MestReNova v11. 
where the shift is in the units of ppm, coordinates are defined relative to the lanthanide in Å, components of the traceless part of the susceptibility tensor are in the units of Å 3 in SI system. Atomic coordinates were taken from DFT optimized geometries, and for methyl groups the structural functions were averaged assuming their fast rotation. Since PCS depends linearly on five components of the susceptibility tensor, the robust linear regression with 'bisquare' weight function as implemented in MATLAB R2017a was used to fit their values. The permutation with the largest adjusted Pearson coefficient was taken as the best fit. Using the best-fit χ tensor, the PCS values for all other protons have been predicted. The line widths were fitted using a simple isotropic model:
where the constants C 1 and C 2 were fitted for the assigned signals and used to predict linewidth for all other protons. We have used total shift vs. width plots of predicted and experimentally observed signals for further assignment. Well-isolated groups of experimental signals were assigned to closely located
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Shuvaev/Suturina/Mason/Parker groups of predicted signals and all possible permutations within the groups were checked, the assignment that gave the largest adjusted Pearson coefficient was chosen as the best fit.
The source code for this procedure will be released in Spinach version 2.2. [7] The best-fit susceptibility tensors are presented in the main text as axiality, rhombicity and three Euler angles. We use the following convention for defining axiality, rhombicity and Euler angles of a traceless susceptibility tensor. Diagonalisation of a traceless susceptibility tensor gives eigenvalues and eigenvectors which are labelled to satisfy the relation |χ x |<|χ y |<|χ z |. Then axiality is defined as 3/2 χ z and rhombicity as (χ x -χ y )/2. In such a definition, axiality and rhombicity have the same sign and the limiting value of the ratio of rhombicity to axiality is 1/3 (0<χ rh /χ ax <1/3).
Synthesis
The DO2A-ethyl ester [8] was synthesised according to previously reported procedures,. Methyl 4-(2,4,6-trimethoxyphenyl)picolinate, 1 (150 mg, 0.50 mmol) was dissolved in (4-(2,4,6-Trimethoxyphenyl)pyridin-2-yl)methanol, 2 (56 mg, 0.20 mmol) was dissolved in 5 mL of dry THF, followed by addition of 0.1 mL of dry triethylamine (0.72 mmol) and 0.045 mL of MsCl (0.58 mmol). The reaction mixture was stirred for 1 h at rt and the solvent was removed under reduced pressure. The crude material was dissolved in DCM (25 mL), washed with water (2 x 25 mL) and dried over MgSO 4 . The solvent was removed under reduced pressure, dried and dissolved in dry acetonitrile (3 mL). DO2A-ethyl ester (100 mg, 0.29 mmol) was dissolved in dry acetonitrile (9 mL) and K 2 CO 3 was added (150 mg, 1.09 mmol). The reaction mixture was cooled down using an ice bath and stirred for 5 minutes, followed by dropwise addition of the 2-Ms within 5 min. The reaction mixture was allowed to reach rt and stirred for 18h. The reaction mixture was filtered and purified on RP-HPLC (10% to 100% acetonitrile (+0.1% formic acid) in water (+0.1% formic acid) over 10 min). The fractions containing the desired product were combined and neutralised with aqueous ammonia solution. [ Molecular frames of optimized geometries have been unified so that the origin is located at the lanthanide position, the z--axis is pointing into the middle of the four nitrogen atoms of the cyclen ring, and the x--axis is pointing at the first nitrogen atom of the cyclen, located under the pyridine. Table 3 , and in the main text, the best--fit susceptibility tensors are presented as axiality, rhombicity and three Euler angles. We use the following convention for defining axiality, rhombicity and Euler angles of a traceless susceptibility tensor. Diagonalisation of a traceless susceptibility tensor gives eigenvalues and eigenvectors which are labelled to satisfy the relation |χ x |<|χ y |<|χ z |. Then axiality is defined as 3/2 χ z and rhombicity as (χ x -- χ y )/2. In such a definition, axiality and rhombicity have the same sign and the limiting value of the ratio of rhombicity to axiality is 1/3 (0<χ rh /χ ax <1/3). 
